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The r e s e a r c h  suppor ted  by Grant  NsG 695 i s  a j o i n t  c o o p e r a t i v e  r e s e a r c h  

program i n v o l v i n g  t h e  Department of Physics  and Astronomy (DPA) and t h e  I n s t i t u t e  

' f o r  F l u i d  Dynamics and Appl ied  Mathematics (IFDAM) of t h e  U n i v e r s i t y  of Maryland, 

and s c i e n t i s t s  of t h e  Goddard Space F l i g h t  C e n t e r ' s  Space S c i e n c e s  D i v i s i o n .  

The j o i n t  r e s e a r c h  programs dur ing  t h e  p e r i o d  J u n e  10,  1965 through 

December 1 0 ,  1965 were i n  t h e  f i e l d s  of plasma a s t r o p h y s i c s  r e s e a r c h ,  s o l a r  

s p e c t r o s c o p y ,  and s p a c e  p h y s i c s .  The r e s e a r c h  i s  j o i n t l y  s u p e r v i s e d  by 

Goddard and U n i v e r s i t y  p e r s o n n e l  i n  t h e i r  s t u d i e s  of such problems as the. 

s t a b i l i t y  of i n t e r p l a n e t a r y  plasmas,  t h e  s t r u c t u r e  of c o l l i s i o n l e s s  shock 

waves, t h e  i d e n t i f i c a t i o n  of l i n e s  i n  t h e  extreme s o l a r  u l t r a v i o l e t ,  and t h e  

s p e c t r a  of cosmic r a y  p r o t o n s .  The fo l lowing  s p e c i f i c  r e s e a r c h  was done d u r i n g  

the. above p e r i o d  under  r h i s  g r a n t ,  

John C u m  Superv ised  by Prof G o  Westerhout (DPA) and D r ,  Musen (GSFC) 

M r .  C d r t i s  h a s  been working on s o l b i n g  t h e  problem of a l u n a r  o r b i t e r  

which i n c l u d e s  t h e  e c c e n t r i c i t y  of t h e  e a r t h ' s  o r b i t  

-I Aharon E v i a t a r ,  Superv ised  by Prof D , A .  Tidman (IFDAM) and N .  Ness (GSFC) 

Research w a s  performed on Kine t ic  t h r o r y  of plasmas w i t h  a p p l i c a t i o n  t o  t h e  

i n t e r p r e t a t i o n  of a s t r o p h y s i c a l  and geophys ica l  phenomena, The f o l l o w i n g  papers  

were pub1 i s h e d :  

1. 

2. 

3 .  

I n  

t h e  e a r t h  

S c a t t e r i n g  of a Test P a r t i c l e  by Enhanced Plasma F l u c t u a t i o n s ,  wi th  

D , A .  Tidman, Phys.  F i t i i d s ,  _8, 2059 (1965) .  

Scaccering of Slow Eiectlrons by Enhanced Lon-Waves Near t h e  Geomagnetic 

F i e l d  Boundary, B u l l .  A,P.S. 11, 24 (1966) ,  

The Role of E l e c t r o s t a t i c  Plasma O s c i l l a t i o n s  i n  E l e c t r o n  S c a t t e r i n g  

i n  t h e  E a r t h ' s  Outer  Magnetosphere, I n s t .  of F l u i d  Dynamics Tech., 

Note BN-429, J a n u a r y ,  1966, s u b m i t t e d  t o  t h e  J o u r n a l  of Geophysical  

Research 

t h e s e  papers  t h e  t r a n s p o r t  of e n e r g e t i c  p a r t i c l e s  i n  t h e  r e g i o n s  around 

due t o  w a v e - p a r t i c l e  s c a t t e r i n g  e f f e c t s  i s  e x p l o r e d .  

Lee F o s t e r ,  S u p e r v i s e d  by P r o f .  D.A. Tidman (IFDAM) and D r .  F .  McDonald 

(GSFC) 

M r .  F o s t e r  now h a s  a working computer program f o r  o b t a i n i n g  s o l u t i o n s  

of t h e  Balescu-Lenard k i n e t i c  e q u a t i o n  f o r  a n  e l e c t r o n  g a s .  It e n a b l e s  him t o  
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' s t u d y  co l lec t ive  e f f e c t s  such as wave-particle s c a t t e r i n g  on t h e  e v o l u t i o n  of 

p a r t i c l e  d i s t r i b u t i o n  f u n c t i o n s .  He i n t e n d s  t o  use i t  t o  s t u d y  t h e  shape  of t h e  

h i g h - v e l o c i t y  t a i l  of p h o t o - e l e c t r o n s  i n  t h e  d i s t r i b u t i o n  f u n c t i o n  f o r  electrons 

i n  t h e  ionosphere .  The p h o t o - e l e c t r o n s  g i v e  r ise  t o  Cerenkov waves of e l e c t r o n  

plasma o s c i l l a t i o n s .  These waves i n  t u r n  make a c o n t r i b u t i o n  t o  e l e c t r o n  

s c a t t e r i n g  which may be of comparable importance t o  t h e  u s u a l  t w o - p a r t i c l e  

s c a t t e r i n g  p r o c e s s e s .  

u 

Rosal ind  Huang, Superv ised  by D r .  C ,  F i c h t e l  (DPA) and P r o f ,  D o  Guss 

(DPA) and (GSFC) 

The t i m e  w a s  s p e n t  do ing  r e s e a r c h  w i t h  t h e  Space Phys ics  Group s t u d y i n g  

cosmic r a y s  w i t h  n u c l e a r  emuls ions .  

James Kinsey,  Superv ised  by Drs.  F .  McDonald and D .  Hagge (GSFC) 

The work accomplished t o  d a t e  under t h i s  g r a n t  h a s  been i n  c o n n e c t i o n  

w i t h  t h e  t e s i i n g  and c a l i b r a t i o n  of semiconductor p a r t i c l e  d e t e c t o r s  f o r  a low 

energy  (1 - 200 MeV) cosmic r a y  package t o  be. launched i n  a s p a c e c r a f t  l a t e  

t h i s  y e a r .  

on s u r f a c e  b a r r i e r ,  l i t h i u m - d r i f r e d ,  and d i f f u s e d  j u n c t i o n  t y p e  s i l i c o n  d e t e c t o r s  

C a l i b r a t i o n  s o  f a r  h a s  c o n s i s t e d  of t h e  measurement of window t h i c k n e s s e s ,  n o i s e ,  

and  a l p h a  p a r t i c l t  peak widchs u s i n g  Am241 a l p h a  p a r t i c l e s  (5 .477 MeV). 

r e c e n t l y  a p r o t o n  beam u s i n g  the D2(He3, He4)H1 r e a c t i o n  w i t h  t h e  Goddard 

Van d e  Graaf  a c c e l e r a t o r  g i v i n g  e n e r g i e s  of  about  16 MeV h a s  been used  f o r  

c a l i b r a t i o n .  

Inc luded  i n  t h i s  work have been n o i s e  and s t a b i l i t y  measurements 

J u s t  

P a u l  McCormick, Superv ised  by Prof .  U. Van Wijk (DPA) and  M r .  N. MacAvoy 

(GSFC) 

An a tmospher ic  t r a n s m i s s i o n  experiment ,  u s i n g  a laser  beam, h a s  been i n  

B r i e f l y ,  the system t h e  p l a n n i n g  and des ign  s t a g e  a t  GSFC f o r  s e v e r a l  months. 

i s  composed of a 12-inch Cassegra in  t e l e s c o p e ,  a He-Ne gas  laser,  a PMT and 

a s s o c i a t e d  e l e c t r o n i c s .  The l a s e r  beam, a f t e r  p a s s i n g  through a n  a r b i t r a r y  

amount o f  a tmosphere ( say  one m i l e ) ,  i s  r e f l e c t e d  back t o  t h e  t e l e s c o p e  and 

h e t e r o d y n e d  w i t h  a p a r t  of t h e  beam t h a t  i s  s e n t  d i r e c t l y  t o  t h e  PMT. 

e f f ec t s  o f  t h e  atmosphere (phase changes,  e t c . )  are  determined.  The o p t i c a l  and 

m e c h a n i c a l  p a r t s  of t h e  system were c o n s t r u c t e d  by Quanta Labs and were d e l i v e r e d  

The 
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, 
t o  Goddard abou t  J anua ry  1, 1966. The equipment has  been i n s t a l l e d  and a l ignment  
i s  now i n  p r o g r e s s .  

Edwin McCullough, Superv ised  by Drs. F. McDonald and D.S. Evans (GSFC) 

Work under  t h i s  g r a n t  has  a l lowed f o r  t h e  i n v e s t i g a t i o n  of i n t r i n s i c  

p r o p e r t i e s  of a low energy  charged p a r t i c l e  d e t e c t o r ,  t h e  channe l  e l e c t r o n  

m u l t i p l i e r .  In fo rma t ion  about  s t a b i l i t y  and a b s o l u t e  e f f i c i e n c y  was sought  

i n  two independent  exper iments .  A s  a r e s u l t  of t h e  s t a b i l i t y ,  expe r imen ta l  

s c i e n t i s t s  a t  t h e  GSFC have ga ined  some measure of conf idence  f o r  t h e  u s e  of 

t h i s  d e v i c e  on long  s a t e l l i t e  f l i g h t s .  The experiment  des igned  and b u i l t  f o r  

t h e  a b s o l u t e  e f f i c i e n c y  d e t e r m i n a t i o n  i s  a t  p r e s e n t  be ing  used t o  y i e l d  d a t a  

w i t h  p r e l i m i n a r y  r e s u l t s  be ing  i n  agreement  w i t h  some weak t h e o r e t i c a l  p r e d i c t i o n s .  

Mor r i s  Pongra t z ,  Superv ised  by D r .  F .  McDonald (DPA) and (GSFC) 

M r .  Pongra tz  p l o t t e d  d a t a  from Exp lo re r  XIV on c e r t a i n  f a v o r a b l e  days t o  

a t t e m p t  t o  de t e rmine  i f  t h e  o u t e r  boundary of t h e  r a d i a t i o n  b e l t  f l u c t u a t e d  

f a v o r a b l y  w i t h  magnet ic  a c t i v i t y .  This  was fo l lowed by p l o t t i n g  low-energy 

p r o t o n  i n t e n s i t i e s  ou t  t o  abou t  1 2  Re  t o  see i f  t hey  v a r i e d  w i t h  magnet ic  s to rms .  

H e  was  a t t e m p t i n g  t o  see i f  t h e  magnet ic  s torms  cou ld  p o s s i b l y  a l t e r  t h e  e a r t h ' s  

magne t i c  f i e l d  enough t o  a l l o w  s o l a r  p r o t o n  i n j e c t i o n  i n t o  t h e  r a d i a t i o n  b e l t s .  

The p r o t o n  i n t e n s i t y  g r e a t l y  a f f e c t e d  t h e  g a i n  on t h e  s a t e l l i t e  l e a v i n g  only  one 

unobscured case d u r i n g  passes on February  11, 1963. On t h e s e  p a s s e s  t h e r e  were 

s i g n i f i c a n t  p ro ton  i n t e n s i t i e s  ou t  t o  1 2  Re. 

Guenter  R ieg le r ,  Superv ised  by D r .  F .  McDonald (DPA) and D r .  Bold t  (GSFC) 

Research  was performed i n  connec t ion  w i t h  x- ray  astronomy expe r imen t s .  

The f e a s i b i l i t y  of x - r ay  cameras was i n v e s t i g a t e d  and programs were set up f o r  t h e  

computa t ion  of celestial  c o o r d i n a t e s  from g e o g r a p h i c a l  c o o r d i n a t e s  and u n i v e r s a l  

t i m e .  Most of t h e  t i m e  w a s  s p e n t  on t h e  c o n s t r u c t i o n  and comple t ion  of a 

s p e c i a l l y  adap ted  16mm camera which t a k e s  p i c t u r e s  of t h e  h o r i z o n  from a b a l l o o n  

gondola  on i n f r a r e d  f i l m  w i t h  exposure  t i m e s  c y c l i c a l l y  v a r y i n g  i n  s e v e r a l  s t e p s  

f rom 1/44 t o  20 seconds .  This u n i t  wa: s u c c e s s f u l l y  flown December 7 ,  1965 from 

New Mexico. 
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Barrett R i p i n ,  Superv ised  by Drs. F. McDonald (DPA) and Konradi (GSFC) 
Mr, R i p i n  a i d e d  D r .  Konradi with h i s  s t u d i e s  of p a r t i c l e  motion i n  t h e  

area sur rounding  t h e  e a r t h .  

T, S c o t t  Smith,  Superv ised  by Prof .  E.v.P. Smith (DPA) and D r .  Neupert  (GSFC) 

A computer program f o r  i n v e s t i g a t i n g  i n t e r c o r r e l a t i o n s  between t h e  l i n e s  

of t h e  extreme u l t r a v i o l e t  s o l a r  spectrum w a s  completed and y i e l d e d  c o e f f i c i e n t s ,  

s l o p e  d e v i a t i o n s  e t c . ,  f o r  c o r r e l a t i o n s  between 56 l i n e s .  Averaged scans  f o r  

s i x  s i g n i f i c a n t  p e r i o d s  d u r i n g  t h e  f l i g h t  of t h e  o r b i t i n g  s o l a r  o b s e r v a t o r y  

were examined and re la t ive  enhancements were d e r i v e d  f o r  97 l i n e s .  A computer 

program f o r  making Hartree-Fock c a i c u l a t i o n s  of a tomic  s t r u c t u r e  w a s  used t o  

i n v e s t i g a t e  thi. Mavtiengths of t r a n s i t i o n s  betweer, v a r i o u s  l e v e l s  of t h e  Fe X I V  

and Fe, YV atoms. The s t r u c t u r e  nf members of t h e  i s o e l e c t r o n i c  sequences of 

t h e s e  atonis w c r e  LdLcUlaLed t o  b e  a b l e  t o  e v a l u a t e  t h e  accuracy of t h e  procedure .  

A summary and e v a l u a t i o n  o f  t h e  method was p r e p a r e d .  I n  e s s e n c e ,  t h e  c a l c u l a t i o n s  

are not  s u f f i c i e n t l y  a c c u r a t e  t o  form wavelength p r e d i c t i o n s .  

Howad S t a i n e r ,  Superv ised  by Prof .  D.A. Tidman (IFDAM) 

D81rinq t h e  p a s t  s i x  monchs he has been a i d i n g  Prof Tidman i n  t h e  c o n s t r u c t i o n  

of a t h e o r e t i c a l  model t o  Expla in  trle observed l i n e  s p l i t t i n g  of Type I1 s o l a r  

r a d i o  b u r s t s .  Th=:s. b u r s r s  are b e l i e v e d  t o  o r i g i n a t e  behind a c o l l i s i o n l e s s  shock 

f r o n t  which i s  r i s i n g  s lowry through t h e  s o l a r  corona .  The work ex tends  prev ious  

c a l c u l a t i o n s  based on enhanced plasma bremsstrahlung1,  

of a weak c o r o n a l  magnet ic  f i e l d .  Under t h e  a p p r o p r i a t e  c o n d i t i o n s  w e  show t h a t  

t h i s  magnet ic  f i e l d  i s  c a p a b l e  of s p l i t t i n g  t h e  fundamental  and f i r s t  harmonic of 

t h e  e m i t t e d  r a d i a t i o n  i n t o  sub-bands,  thus  e x p l a i n i n g  a l l  t h e  major  f e a t u r e s  of 

t h e s e  b u r s t s .  The magnitude of t h i s  s p l i t t i n g  e n a b l e s  us  t o  estimate t h e  s t r e n g t h  

of the magnet ic  f i e l d  i n  t h e  corona.  A paper  i s  i n  p r o g r e s s  and w i l l  be  p u b l i s h e d  

as a t e c h n i c a l  n o t e  v e r y  s h o r t l y .  

t o  i n c l u d e  t h e  e f f e c t s  

D r .  M. Haggerty 

Work h a s  c o n t i n u e d  on a p r o j e c t  which w a s  sponsored  by t h e  Advanced Research 

P r o j e c t s  Agency u n t i l  August 31 ,  1965, C o n t r a c t  No. NONR 839(38) ( O f f i c e  of Naval 

R e s e a r c h ) ,  ARPS Order No. 529, a t  t h e  P o l y t e c h n i c  I n s t i t u t e  of Brooklyn. The p r o j e c t  

1. Tidman and  Dupree, Phys.  F l u i d s ,  S ,  No. 1 0 ,  1860 (1965).  
2 .  Tidman, P l a n e t ,  Space S c i . ,  - 13, 781 (1965).  
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k i n e t i  t h e  r y  of d i f f u s i o n  of a plasma column 

a c r o s s  a c o n s t a n t  uniform magnet ic  f i e l d ,  u s i n g  the t h e o r y  of P r i g o g i n e  and  

Balescu.  A p r e l i m i n a r y  r e s e a r c h  r e p o r t  d a t e d  August 10, 1965 was p r e p a r e d  (Report  

No. PIBMRI-1289-65, P o l y t e c h n i c  I n s t i t u t e  of Brooklyn) ,  and work has  c o n t i n u e d  on 

t h e  re f inement  and c o r r e c t i o n  of t h e  m a t e r i a l  i n  t h a t  r e p o r t .  The resul ts  w i l l  be  

r e p o r t e d  a t  t h e  American P h y s i c a l  S o c i e t y  New York meet ing ( B u l l .  Am. Phys.  SOC. 

- 11, 123 (1966)). They have been g e n e r a l i z e d  s o  as t o  a p p l y  t o  a plasma w i t h  a n  

a n i s o t r o p i c  v e l o c i t y  d i s t r i b u t i o n ,  p r o v i d i n g  c o l l e c t i v e  e f f e c t s  are i g n o r e d .  

The t r e a t m e n t  of such  a g e n e r a l  a n i s o t r o p y  i n c l u d i n g  c o l l e c t i v e  e f f e c t s  i s  s t i l l  

a n  unsolved problem 

Prof A.  Lenchek 

T h c o r e t i c a l  s t u d i e s  of t h e  Van A l l e n  r a d i a t i o n  are  i n  p r o g r e s s .  Numerical 

c a l c u l a t i o n s  of t h e  s p a t i a l  d i s t r i b u t i o n  of a l b e d o  n e u t r o n  decay a re  b e i n g  made. 

D r .  G .  Skadron 

S i n c e  j o i n i n g  t h e  Department of Phvs ics  and Astronomy i n  September,  1965, 

D r .  Skadron’s  r e s e a r c h  h a s  r e l a t e d  t o  t h e  problem of so la r  modulat ion of g a l a c t i c  

cosmic r a y s .  The i n t e n t  of t h e  work has been ,  f i r s t ,  t o  c o n s t r u c t  a model f o r  

t h e  i n t e r p l a n e t a r y  e l e c t r i c  at7d magnetic f i e l d s ,  and t h e n  t o  f o r m u l a t e  how the 

cosmic r a y s  move rhrough phase space  under t b e  a c t i o n  of such f i e l d s .  This 

a t t e m p t  t o  d e s c r i b e  t h e  motion o f  cosmic r a y s  through phase s p a c e  h a s  l e d  t o  a 

s t u d y  of t h e  f o r m a l  r e l a t i o n s h i p  between t h e  Boltzmann e q u a t i o n s ,  Fokker-Planck 

e q u a t i o n ,  one d imens iona l  and t h r e e  dimensional  d i f f u s i o n  e q u a t i o n s .  The s o l a r  

modula t ion  c a l c u l a t i o n  i s  c u r r e n t l y  s t i l l  i n  i t s  i n f a n c y .  I n  a d d i t i o n ,  t i m e  has  

been s p e n t  p r e p a r i n g  a n  a r t i c l e  f o r  p u b l i c a t i o n  i n  Reviews of Geophysics .  

p a p e r ,  “A Model f o r  t h e  O r i g i n  and P r o p e r t i e s  of t h e  Cosmic Ray R i g i d i t y  Spectrum,” 

i s  based  upon work c a r r i e d  o u t  f o r  t h e  Ph.D. d e g r e e  a t  t h e  U n i v e r s i t y  of Roches te r .  

F i n a l l y ,  a p a r t  of t h e  a c t i v i t y  has  been t o  m a i n t a i n  l i a i s o n  w i t h  t h e  exper imenta l  

cosmic r a y  group a t  t h e  GSFC. 

The 

The p r i n c i p a l  i n v e s t i g a t o r s  on t h i s  g r a n t  have been P r o f e s s o r s  H .  Laster, 

E.v.P. S m i t h ,  and D . A .  Tidman. They have  s u p e r v i s e d  the s e l e c t i o n  of a s s i s t a n t s  

and  s h a r e d  i n  the i r  r e s e a r c h  d i r e c t i o n .  


